The bed expansion of gas-liquid-solid co-current fluidized bed is studied in the present work. Experimental work is carried out using Perspex column having 0.092 m inner diameter, 2 m height. Kerosene and air are used as continuous and dispersed phases, respectively. Glass beads having 0.0038 m diameter and 2247 kg/m 3 density and catalyst particles having 0.0025 m diameter and 2070 kg /m 3 density, which were taken from the kerosene hydrotreating reactor that is located in Al-Daura Refinery, are used as the solid phase.
Introduction
Fluidization is one of the important industry processes happens when gas and liquid are moved up during the particles of the bed in which the granular material is converted from the stagnant state to the moving state. At this point, when the gas or liquid stream is passed from the bottom of the bed; it moves upward through a bed by means of empty spaces between the granular materials [1] . Fluidized bed reactor has wide industrial-applications compared with fixed bed; thus, it has become the multilateral fluid-solid communicating apparatus in metallurgical, biochemical and chemical industries. Several applications of fluidization has began to be used for developing petroleum industry with catalytic cracking, coating metals with plastic, drying of solid materials, transportation, heating, coal gasification, synthesis reactions, combustion and incineration, carbonization and gasification, roasting of sulphide ores and reduction of iron oxide [2] .
Computational fluid dynamic (CFD) is a branch of fluid mechanics that utilizes different algorithms and numerical methods to calculate and analyze fluid flow problems [3] . Also, it has dedicated numerical procedures to predict related phenomena, such as mass transfer, fluid flow, reactions of chemical and heat transfer, with the capability of solving the mathematical equations that decide these processes utilizing a computer-based simulation. The CFD is mainly based on Navier-Stokes equations [4] and the numerical approaches that are used for solving nonlinear differential equations for pre-defined boundary conditions and geometries to linearized form.
A simulation investigation has carried out for three-phase fluidized bed system by Bahary et al. [5] using Eulerian approach for multi-phase granular flow, where the phase of gas was considered the particulate phase with 4 mm diameter. The Eulerian approach for multi-fluid has been used by Mitra-Majumdar et al [6] to study a threephase system in a bubble column. They used the correlation of modified drag force between the gas and liquid phase to determine the influence of solid material, and between the liquid and solid particles to determine the influence of gas bubbles. The k-ε turbulence model has been taken for turbulence and used to treat the influence of bubbles on a turbulent liquid. Yali Tang et.al., [7] conducted a numerical simulation for studying the dynamic of gas flow through spherical, suspended particles. They have used the immersed boundary method for simulations. In this study, the Reynolds number, volume fraction of the solids phase and density ratio of gas/particle were taken in consideration. The influence of solid particle motion on the drag force of gassolid is analyzed; the simulation results were used in the drag correlation, which was derived from simulations of stationary particles. The effect of motion is identified by the granular temperature, which is an outcome from velocity fluctuation of the particle.
In this paper the influence of superficial inlet velocities of gas and liquid on the bed expansion of solid beds is studied.
Experimental Work
The experimental work was carried out in the Perspex column that has 0.092 m I.D. and 2 m height. Kerosene and air were used as liquid and gas phase, respectively. The glass beads with diameter 0.38 cm and catalyst particles with diameter 0.25 cm were used as solid phase. The Figure 1 shows a schematic diagram and the laboratorybased set-up of the used/designed rig. The distributor was installed in the bottom of the column in the test section. This distributor is designed in such a pattern that a uniform distribution of fluid, liquid and gas phase can be easily obtained in this column.
The distributor contains 40 evenly spaced circular holes for gas and 60 evenly spaced circular holes for liquid, each with a diameter of 2 mm.
Working on CFD code
Bakker [8] indicated that all commercial packages of CFD contain the developing user input simulation parameters, studying and analysis the process results. So, all packages of CFD codes comprise essential stages, which are preprocessing, solver and post-processing.
Pre-processing
The Pre-processing contains three steps; the first step is drawing the geometry of the problem under study for computational domain; the second step is dividing the geometry to a smaller number of grids for domain that non-overlapping sub domains; the final step is specifying the suitable boundary condition at cells. 
post-processing
In this step, the results are analyzed and displayed on the predicted flow data using several forms, such as X-Y plots, vector plots, contour plot, 2D and 3D plots, animations, etc.
Governing Equations of Multifluid Model
The CFD simulation of the three-phase co-current gas-liquid-solid fluidized bed is carried out using ANSYS FLUENT 16.0 software and employing the governing equations for both mass and momentum. A multiphase Eulerian model is applied to both mass and momentum equations of fluid liquid or/and gas and solid phases, as in the following paragraphs [9] :
Where εk is the volume fraction and ρk is the density of each phase (k=g, l, s), where the summation of three phases volume fractions is equal to one:
Momentum Equation:
The momentum equation of the three phases is:-
Where u k , μeff and g are the phase velocity, the phase effective viscosity and gravity vector respectively. P is the static pressure, however, the term of solid phase momentum in Equation 3 contains an additional pressure of solid because of solid collisions. The second term is the stress tensor; the Mi,k refers to the inter-phase force of each phase (gas, liquid and solid). All equations are solved using ANSYS FLUENT, the finite volume solver is used to solve complex fluid flow problems.
Closure Law for Turbulence:
The effective liquid phase viscosity is calculated using the following equation.
μ eff,l = μ l + μ T,l + μ t,g + μ t,s . . . (4) Where μ l and μ T,l are the liquid viscosity and the liquid phase turbulence viscosity, which is calculated using (k-ε) model, as follow:- 
. (14)
Where = + is the mixture viscosity of the p and r phases; the Gidaspow model is used for both solid-liquid and solid-air inter-phase in the present work, which is described as follow [11] . 
Turbulence modeling
The turbulence kinetic energy can be computed transport equation, as follow [12] . In the turbulence model and the equations mentioned above, Gk refers to the kinetic energy that is generated based on the middle velocity gradients, Gb represent the kinetic energy that generate the buoyancy and YM is the contribution the diffusion of fluctuating in the turbulent to the total dispersal rate. σk and σε refer to the prandtl numbers of the turbulent kinetic energy and dispersal rate; Sk and Sɛ are user-defined source terms, and Cµ is a constant. The µt is the turbulent viscosity which is determined by combining k and ɛ as in the following. 
Geometry Mesh Generation
Two-dimensional geometry has been adapted and meshed to create a grid for the 2 m height column. 
Boundary and Initial Conditions:
Suitable and reasonable boundary conditions have to be implemented in the computational domain, to produce a well-defined equation system. The gas and liquid inlet velocity represent the inlet boundary condition whereas the atmospheric pressure is the outlet boundary condition; the no-slipping is considered condition. The solidsolid restitution coefficient is assumed to be 0.9 as a default value. Maximum iteration per time step is equal to 50 with time step size 0.01.
Results and Discussion: Effect of Gas Velocity on Bed Height
The experimental data that are shown in Figures 3 and 5 and the simulation data shown in Figures 4 and 6 illustrate the variation of bed height versus different superficial gas velocities at constant liquid velocity. With the increasing gas velocity the bed height increases and this bed expansion is observed for the two solid bed (catalyst and glass beads) as shown in these Figures, that the same influence for two solid beds.
It is noted that the bed expansion of catalyst is higher than that of glass bead because of the lower density of catalyst. 
Effect of Liquid Velocity on Bed Height
The experimental results that are presented in Figures 9 and 11 and the results simulation that are shown in Figures 10 and 12 illustrate the relationship between the kerosene velocity and the bed height for catalyst bed and glass bead at different gas flow rates. It can be seen that the height of solid particle beds increased with increasing the kerosene velocity. The results are indicating that height of the expanded bed is a strong function of liquid velocity. 
Validity of Simulation Results
The experimental and simulations results were compared and the difference between them was very small due to the difference in velocity calibration of the liquid and gas, the solid particles used in the experiment have a wide diameters range whereas in the simulation all solid particles are assumed having the same diameter and the error that occurs in reading the bed height of the solid bed in the experimental work, as shown in the Figures 15 and 16 . 
Conclusions
The bed expansion increases, when gas and liquid velocities are increased, but it has observed that the increase is less when solid bed with high density was used.
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